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H ealth and H u m an Perform ance r Exercise Science

Effects of D eep W ater and T readm ill R unning on Oxygen Uptake and Energy
Expenditure in Seasonally T rained Cross Country Runners (90pp).

Director: Brent C. Ruby \ ^

^

This study com pared subm axim al intensity deep w ater running (DWR) and
treadm ill running (TMR) exercise in eight trained male cross-country
runners du rin g their fall com petitive season. Each subject completed a dry
land and deep w ater running trial at heart rates equivalent to 60% and 80%
treadm ill m axim al oxygen consum ption (VOj
Oxygen consum ption
(VOj), ventilation (V E ^ ), energy expenditure (K calm in^), respiratory
exchange ratio (RER), carbohydrate and fat utilization (g m in^), and rates of
perceived exertion (RPE) were m easured during each 5 m inute steady state
stage for both trials. The m ain effect of trial dem onstrated that RER (0.99 vs.
0.90; p=0.0002) and carbohydrate utilization (3.52 vs. 2.73 g m in p=0.0016)
w ere significantly higher, and fat utilization (0.21 vs. 0.54 g m in ^; p=0.0005)
w as significantly low er during deep w ater running for the DWR and TMR
trials, respectively. The trial by intensity interaction for VE^^pj was significant,
dem onstrating a difference betw een trials at 80% VO;
(92.3 vs. 74.2 L m i n \
p=0.007, for the DWR and TMR trials, respectively). A t the same submaximal
intensity, VO; (47.3 vs. 48.0 mLKg'^ m in), RPE (13.6 vs. 12.3) and energy
expenditure (16.1 vs. 16.5 K calm in^) did not differ significantly betw een the
deep w ater running and the treadm ill running trials, respectively. Because
VO; and energy expenditure were the same during treadm ill and deep water
running, the overall active muscle mass appears sim ilar betw een trials.
H ow ever, the significantly higher VE^^ and RER during deep w ater running
indicate an altered pattern of m uscular recruitm ent for the upper and lower
extrem ities, particularly at higher levels of exercise intensity. A lthough deep
w ater running and treadm ill running seem to elicit similar rates of energy
expenditure, the concepts of training specificity should be further considered.
N evertheless, these results are in agreem ent w ith past research and
dem onstrate that deep w ater running may be an extremely useful
cardiovascular tool for injury prevention and rehabilitation. Future research
should determ ine patterns of m uscular recruitm ent and activity to better
evaluate the efficacy of deep w ater as a dry land running performance
enhancem ent tool.
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C hapter O ne : Introduction

In tro d u ctio n
A new cardiovascular training and rehabilitation technique is beginning to
m ake splashes in athletics and sports m edicine, elim inating the debilitating
effects of gravity and detraining (Glass et al., 1995). This technique is called
deep w ater ru n n in g (DWR), w here the athlete im m erses themselves in deep
w ater, w earing a buoyancy vest or belt, and mimics the motions of dry land
running. This exercise technique is sim ilar to that of running on land except
there is no footstrike or push off and it provides greater upper body work.
The unique physical properties of water, including buoyancy, specific gravity,
hydrostatic pressure, viscosity and accomm odating resistance differentiates
this form of exercise from conventional dry land running (Fawcett, 1992).
D W R can therefore be invaluable for injury prevention and injury
rehabilitation w here dry land cannot.

D W R is becom ing com m on practice during the early stages of athletic injury
rehabilitation. Exercise in this m edium can be invaluable, as it can
potentially reduce cardiovascular system detraining effects, elim inate
com pressive forces on joints, stabilize injured joints, reduce edem a and
prevent fu rth er injury (McWaters, 1991). Since the injured athlete can begin
athletic injury rehabilitation sooner in the w ater than if on dry land, the

more quickly as the debilitating effects of inactivity have been reduced
(McWaters, 1991).

M oreover, D W R is becom ing a popular supplem ent or alternative to
conventional dry land training as a preventative means of reducing the risk
of overuse-related injuries (McWaters, 1991). Over 50% of all runners in the
1988 Olym pic Games used D W R as part of their training routine (McWaters,
1991). Unlike acute injuries, overuse injuries develop from a series of
repetitive forces acting on the body over a period of time, where so the body is
unable to adapt or recover, resulting in the tissue being unable to repair itself.
O veruse injuries obscure training time, and can ultim ately lead to detrim ents
in perform ance. M any endurance athletes train at m oderate and high
intensity levels to enhance endurance capacity and performance. Such
training can result in overuse-type injuries (Michaud et al., 1995). In hopes to
w ard off the occurrence of overuse injuries, athletes and coaches have
supplem ented or used D W R as an adjunct to dry land training.

Physiological alterations in response to cardiovascular endurance dry land
training requires intensive training stim uli for m aintenance or
im provem ent (Bompa, 1990). E ndurance training benefits to the
cardiovascular system include increased cardiac output (and thus cardiac
efficiency), and slight im provem ents to the respiratory system (Martin et. al.,
1979).

W hen endurance training is com prom ised due to injury or inactivity, losses
in cardiovascular endurance and perform ance result. The detraining effects
include declines in m axim al oxygen consum ption (VOj max), stroke volume,
and cardiac output, w ith most m ajor effects of detraining occurring during
the first tw o weeks of inactivity (Coyle et al., 1983; Coyle et al., 1986; and
Hickson et al., 1985). To lim it detraining effects, research by Hickson et al.
(1985) has determ ined that aerobic exercise of at least 70% VO; max is
necessary to m aintain the training induced im provem ents. It is here where
DWR has a potentially useful niche, and concertly, where research in this
area has not sufficiently supported this claim.

This study was designed w ith considerations from m ethodology, results,
conclusions, and suggestions of past research, and supported w ith knowledge
and experience in DW R.

Problem
The purpose of this investigation is to physiologically and perceptually
com pare DWR and treadm ill running (TMR) exercise. In doing so, this study
will investigate and com pare oxygen uptake (VO;), ventilation (V e,^), fat and
carbohydrate oxidation (g m in ^), energy expenditure (Kcal m i n ’), respiratory
exchange ratio (RER), and ratings of perceived exertion (RPE) in DWR and
TMR at heart rate intensity levels equivalent to 60% and 80% treadm ill VO;

max. The data collected wiU aid in determ ining w hether or not D W R is a
useful tool for injury prevention or rehabilitation.

Subproblem
To gain insight for the developm ent of guidelines for the prescription of
DWR by professionals in athletics and sports m edicine for their athletes. The
athletes m ore likely to be prescribed DWR are injured athletes, athletes who
comm only suffer from overuse injuries and athletes who w ish a supplem ent
exercise to their dry land training (cross-training).

R esearch H ypotheses
Hypothesis One
There w ill be no difference in the oxygen consum ption (VOj) responses of
D W R and T M R in athletes at land determ ined subm axim al exercise
intensities at heart rates of 60% VOj max and 80% VOg max.
Justification
There is inconclusive evidence supporting greater or lesser VO; responses
betw een D W R and TM R. Studies by Ritchie & Hopkins (1991), Yamaji et al.
(1990) and W ilber et al. (1994) have found similar oxygen uptake (VO^) at
subm axim al levels of intensity betw een D W R and TMR. Submaximal oxygen
uptake has also been used as an m eans of determ ining intensity (Svedenhag
& Seger, 1992; M ichaud et. al., 1995).

Hypothesis Two
There w ill be higher values found in rates of perceived exertion (RPE) at the
sam e heart rate d u ring DWR com pared to TMR.
Hypothesis Three
There w ill be higher values found in respiratory exchange ratio (RER) at the
same heart rate d u rin g DWR com pared to TMR.
Justification
Past studies have clearly concluded that DWR is a more vigorous form of
exercise than TM R. RPE and RER results have been found to be higher in the
w ater than on the treadm ill (M ichaud et al., 1995, and Svedenhag & Seger,
1992). There are m any factors w hich have been postulated by past researchers
to account for the higher RPE and RER elicitation. A larger muscle
recruitm ent m ay be necessary for overcoming w ater's viscosity,
accom m odating resistance and drag forces. In doing so, untrained m uscles
and an increased num ber of m uscle groups recruited (i.e. shoulder and arms)
could result in a higher anaerobic capacity of the DWR exercise, causing
higher RPE and RER values (M ichaud et al., 1995). A nother factor is the
m otor learning com ponent of D W R. M any individuals w ho are not familiar
w ith D W R m ay perceive the exercise to be harder than running on a
treadm ill since they are anxious or uncomfortable w ith the new skill (Glass et
al., 1995). Glass et al. (1995) projects that as the D W R technique improves, the
physiological responses betw een D W R and TM R will become m ore similar.
It is ironic to note that although greater RPE and RER values have been

found in DWR as opposed to TMR (Svedenhag & Seger, 1992), these same
studies have found VOg values to be significantly lower in the water exercise
than on land. M ichaud et. al. (1995) believes this difference to be due to less
low er body (large m uscle group) involvem ent in the DWR technique, and
the elim ination of the propulsive phase as in dry land running.

Hypothesis Four
There w ill be no difference in ventilation (VE) at the same heart rate in DWR
com pared to TMR.
Justification
Of the subm axim al intensity studies, only by Svedenhag & Seger (1992) and
Bishop et. al. (1989) inspected the ventilatory responses betw een exercise in
deep w ater and TMR, and found sim ilar and low er ventilatory responses,
respectively. W ithout further data support, conclusions to the direction of
this hypothesis cannot be clearly made. If indeed true, the larger muscular
involvem ent in DWR, as inferred by the RPE and RER hypotheses, should
also produce a larger ventilatory response.

Hypothesis Five
There w ill be no difference in energy expenditure (K c alm in ') responses of
DWR an d TMR.
Justification
There has been no study perform ed to date that assesses or compares the

energy expenditure of DWR to that of TMR.

Hypothesis Six
There w ill be no difference in substrate (fat or carbohydrate) oxidation of
DWR an d TMR.
Justification
There has been no study perform ed to date that addresses substrate utihzation
in DWR w hen com pared to TMR. Therefore, it is unknow n w hether DWR
illicites greater, lesser or equal substrate oxidation as TMR.

Significance of the study
Past research has failed to com pare DWR and TMR in trained athletes with a
specific intensity indicator. In addition, energy expenditure and substrate
utilization has not been addressed in past investigations. W ith trem endous
contrasting inform ation from past investigations com paring DWR and TMR,
this study attem pts to determ ine the effects of DWR on oxygen consumption
and energy expenditure as com pared to TMR in order to better understand
DW R's role in injury prevention and rehabilitation. This study attem pts to
create protocol suggestions that coaches, athletic trainers, physical therapists,
exercise physiologists and other health care professionals can use in the
athletic setting. Procedures used in this study will be easily replicated in
colleges, clinics and sports m edicine facilities, in hopes to aid professionals in
m aintaining cardiovascular endurance capacities in athletes w ho are injured

and m ay potentially experience the detrim ental effects of detraining due to
inactivity. Furtherm ore, athletes w ho are susceptible to overuse injuries
w ould also benefit from this study, and relevant prescription of D W R as a
supplem ental endurance training tool. It is crucial to consider that this study,
like any rehabilitation protocol m ust be adjusted to the individuality of each
patient. Each individual m ust be assessed and prescribed treatm ent based on
their ow n unique circum stances and injury considerations. Therefore,
inform ation gained from this study w ill provide a base from which to
develop in d iv id u al D W R prescriptions.

R ationale fo r the Study
Past investigations into the physiologic responses of D W R and comparisons
of the w ater exercise w ith conventional dry land exercise have failed to nor
attem pted to develop D W R cardiovascular protocols appÜcable for both
injury prevention and injury rehabilitation (M ichaud et al., 1995, Ritchie &
H opkins, 1991, Bishop et al., 1989, Yamaji et al., 1990, and Svedenhag & Seger,
1992). The prim e reason for this is the conflicting results of studies
com paring DWR and TMR at subm axim al levels of intensity (Bishop et al.,
1989; M ichaud et al., 1995; Ritchie & H opkins, 1991; Wilber et al., 1994).

Eyestone et. al. (1993) and W ilber et al. (1994) are proponents of DWR's
potential as a tool to combat the detraining effect of inactivity.

Both the

physical properties of w ater and early rehabilitation aspect of pool therapy

facilitate the use of DWR in athletes w ith non-w eight bearing injuries or as
an injury preventative m easure. DWR, com bined w ith other pool therapy
exercises can decrease rehabilitation tim e of injured athletes, returning them
to dry land training up to 50% sooner than conventional rehabilitation
(McWaters, 1991).

L im itations
i / Training status of athletes. Athletes participating in this study may be in
or out of their com petitive season, therefore varying the training status of the
participants. Fam iliarity w ith D W R will also vary, however, a training/
fam iliarization trial w ill lim it these variances.

ii/ N on-random ized sam ple. The sam ple tested in this investigation were
not random ly selected.

iii/

Instrum entation. There is inherent error w ith all instrum entation,

how ever, error will be m inim ized by using trained testers and calibrated
e q u ipm ent.

D elim itations
i/ Type of subjects. Since conclusions draw n from this study will be useful
for professionals in sports and sports medicine, the subjects used in this study
will be student athletes. Therefore, professionals in the field of sports
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m edicine m ust consider the training status of their subjects before prescribing
training guidelines suggested from this study. In addition, not all collegiate
sports are represented in this study. Testing athletes from every sport, and in
all age categories is outside the realm of this study.

ii/ Lactate m easuring. Due to the invasive nature of blood sam pling, lactate
determ ination will not be perform ed in this study. Such results could be
insightful in determ ining and com paring the anaerobic components of the
tw o form s of exercise.

iii/ Specific intensity levels. This investigation will only study two levels of
intensity. These tw o intensity levels w ere chosen because they relate to
typical field-assigned intensities.

iv / M ales only. For testing purposes, m ales were chosen to volunteer in this
study. Im plications of gender differences have not been established in
previous studies, nor have been inferred. The use of m ale subjects is a more
sim ple m easure, as ovulatory and other gender specific issues need not be
addressed. The use of m ale subjects w ould not limit the goals of this study.

D efin itio n of Term s
O veruse injury: A n injury caused by over exerting the body w ith excessive
loads at a norm al frequency of m ovem ent, or w ith a norm al load at an
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increased frequency of m ovem ent, or w ith low loads at an excessive rapid
frequency of m ovem ent. O veruse injuries often occur at the microscopic
level and are caused by m icrotraum a.

D etraining effects: The loss of training effects following the cessation of
training.

Specific Gravity, The specific gravity of the hum an body is determ ined from
the ratio of m ass of a given value of that substance to the mass of the same
value of water. W ater has a specific gravity of one (1). A value below one
and the substance will float and above one, it will sink. The specific gravity
value of the hum an body ranges from .97 to .95 and has the tendency to float
(Fawcett, 1992).

Buoyancy. A rchim ede's principle of buoyancy is defined "w hen a body is
wholly or partially im m ersed in any fluid at rest it experiences an upw ard
thrust equal to the w eight of the fluid displaced" (Fawcett, 1992). This
provides D W R w ith a significant advantage. It allows movem ents to be
perform ed in the w ater as on dry land w ith out the detrim ental effects of
gravity. This is advantageous for injury treatm ent and prevention.

H ydrostatic Pressure. Pascal's Law governing hydrostatic pressure states that
"fluid pressure is exerted equally on all surfaces of an im m ersed body at rest at
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any given depth" (Fawcett, 1992). This property can aid in the control of
sw elling.

Viscosity. Viscosity, frictional coefficient betw een individual molecules of
water, results in resistance to the flow of the liquid (Fawcett, 1992). Water is
m ore viscous than air, resulting in a greater resistance to m ovem ent in water
than on dry land.

M o vem en t Through W ater. According to Fawcett (1992), as a body moves
through w ater, pressures are created around the body. In forw ard movement,
high pressure is created in front of the body, resisting movement, and
conversely, reduced pressure is found behind the body. In addition,
turbulent, rotary m otions of the w ater are created in the behind, low pressure
area, w hich tend to drag the body backw ards as it attem pts to move forward.
The faster the body tries to move forw ard, the greater the resistance created in
front of the body, and the greater the drag force in behind.

R espiratory Exchange R atio (RER)
Is the ratio of the volum e of expired carbon dioxide and consum ed oxygen
(VCO 2 : VOj). This ratio determ ines substrate utilization by the exercising
body. Because m ore oxygen is required to metabolize fat than carbohydrate
(CHO), an RER of 0.71 indiciates purely fat metabolism, while 1.0 w ould
indicate soley carbohydrate usage. At rest, the RER is around 0.78 to 0.80.
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W ith exercise, higher RER values are seen as more carbohydrates are being
used to do work.

R ates o f Perceived Exertion (RPE)
A subjective rating of w orkload. The subject num erically responds to a scale
of how hard they think they are working. The Borg Scale of Perceived
Exertion ranges from 6 to 20 and contains descriptive data which ranges from
Very, very light to Very, very hard.

Oxygen C onsum ption (VO^)
The oxygen uptake required to sustain exercise at submaximal levels of
intensity. O xygen is required for cellular respiration production of energy
required to do work.

C hapter Two: Review of R elated Literature

Comparisons o f Submaximal

Deep Water Running and Treadmill Running

DWR is a novice, yet increasingly incorporated form of injury rehabilitation
and alternate endurance training tool. Despite only a handful of studies
investigating the subm axim al physiological com parisons of DWR and TMR,
DWR has become a very popular form of exercise. As indicated in Table 1,
prior investigators of subm axim al DWR took various approaches to
experim ental design, and consequently obtained data w ith conflicting results.

Submaximal Designs and Results
Yamaji et. al. (1990) investigated the VOj-HR relationship in five male
runners (recreational to elite caliber). No difference in VO^-HR relationship
was found betw een DWR and TMR. A t a VOg of 2.79 and 2.90 L m i n ^ for
treadm ill and DWR respectively, heart rates were not significantly different
betw een the treadm ill or deep w ater ru n (159 and 154 beatsm in^ respectively).

Ritchie and H opkins, 1991 investigated DWR at "hard" and TMR at "hard"
and "norm al" self-selected paces in eight trained male athletes. VO^, RER and
RPE d u ring "hard" DWR did not differ significantly to that of "hard" TMR.
How ever, heart rate during "hard" DWR was lower to the "hard" TMR, but
sim ilar to the "norm al" TMR. These subjects were not tethered to the edge of
the pool and w ere not experienced in DWR.
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Table 1.

Summary of Submaximal Intensity Studies Comparing Deep Water Running and TMR

Reference

Subjects

Design

Results

Conclusions

Bishop ef. al,
1989

5M. 2F f

Prefërred Running Speed
Untethered

DWR VE, VO2 , RER< TMR
DWR HR, RPE = TMR

MetaBolic costs of DWR are less than TMR. May help lessen rate of
detraining. Difficult to control load intensity.

DeMaere &
Ruby, 1995

8M T
DWR-T

Smirt stages
HR=60% TM V O ,_,
HR=80% TM VOz_,
Untethered

DWR RER, 80% VE > TMR
DWR HR, VO2 , RPE E Expend,
60%VE = TMR

Energy cost of DWR is same as TMR. Excellent tool for cardiovascular
maintainance. Different pattern of muscular recruitment in DWR-Be aware
of differences in sport specificity and physical properties of water exercise,
HR can be used to prescribe intensity.

Frangolias &
Rhodes, 1995

8M5F T
DWR-T

Ventilatory Threshold (T^^nt)
Tethered

DWR V02,HR<TM R
DWR RPE, VE = TMR

Active musculature and recruitment patterns differ in DWR due to the
viscosity friction and NWB nature of water.

Michaud et. al.,
1995

8M T

3,15 min tests: TMR @ 75%TM
V O ^.,, DWR @70% DW VO^^.,,
and DWR @ 75% TM VO^^.,,
Tethered

DWRHR,V02 = TMR
DWR [Bla), RER, RPE> TMR

In trained runners, HR, not RPE can be used to accurately asses the aerobic
demand of DWR. At same HR, energy cost is equal.

Ritchie &
Hopkins, 1991

8M T

30 min. sessions. DWR "Hard",
TMR "Hard" and "Normal", Road
"Normal." Untethered

DWR "Hard" VO2 , RER, and RPE =
TMR "Hard"
DWR "Hard" HR < TMR "Hard" =
TMR "Normal"

Well trained runners can achieve high level of intensity in DWR. Consider
sport specificity. Is running performance maintained? Enhanced?

Yamaji et. al.,
1990

lOMT

Self selected "easy", "moderate"
and "hard" efforts. Restricted
Movement, Unsupported

No effect of water vs treadmill
running on HR-VO2 relationship

Increased arm motions in untrained DWR subjects resulted in increased
heart rates. Skill level in water must be considered before prescribing
DWR. Future research in metabolic costs.

Svedenhag &
Seger, 1992

9M T

HR of 115,130,145, and 155-160.
Untethered

DWR RER and RPE> TMR
DWR VE = TMR
At given VO2 , DWRHR<TMR

Physiological effects of water resulted in lower HR and caused increased
anaerobic metabolism (altered running technique)

Abbreviations: [Bla] = Blood lactate concentration; DW = Deep Water; DWR = Deep Water Running; E Expend = Energy Expenditure; F = Female; HR = Heart Rate; M = Male; NWB =
Non Weight Bearing; RER = Respiratory Exchange Ratio; T = Trained; TM = Treadmill; TMR = Treadmill Running; VE: Ventilation (S1TD); VOg = oxygen uptake; VOj^^ =maximum
oxygen uptake
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9 trained m ale m iddle and long-distance runners perform ed submaximal

intensity supported DWR and treadm ill tests in a study by Svedenhag & Seger
(1992). The athletes exercised in the pool for four, four m inute stages at
specific heart rates of 115, 130, 145, 155-160 bpm . On the treadmill, however,
the stages w ere m atched to treadm ill speeds equal to the VOg achieved during
the subm axim al trial in the pool. The researchers w ere unable to obtain
treadm ill data on the low er end heart rates, since the treadm ill speed was
m uch to low of running speed. Lower heart rates (8-11 beats.min-1) were
found in the deep w ater ru n portion of this study than during the treadm ill
ru n at a given VOj. RPE, blood [La] and RER were higher in the water than
on the treadm ill, w hile VE (L.min-1) rem ained the same in both trials.

In a com parative study by M ichaud et. al. (1995), eight trained runners
participated in three subm axim al trials: (a) treadm ill running at 75% land
VOg
VO;

(b) DWR at 75% (70% actual) w ater VO^

and (c) DWR at 75% land

Using a teth er/ pully system in the DWR trials, similar VOj and

heart rates were found for the DWR and treadm ill trials at 75% land VO^
while significantly greater respiratory exchange ratio (RER), blood lactate [La],
and rates of perceived exertion (RPE- Borg scale) were found in the 75% land
VO 2

DWR trial than the treadm ill trial, treadm ill run and deep w ater run,

respectively.
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Frangolias and Rhodes com pared m etabolic data from ventilatory threshold
intensity of DWR and TMR. All 13 DW R-trained subjects were tethered to
the end of the pool in the DWR portion of the test. DWR show ed
significantly low er VOg and HR w hen com pared to TMR. RPE and VE,
how ever w ere sim ilar betw een the tw o trials.

Submaximal Exercise Discussion o f Results
As deep w ater running has increasingly been incorporated into athletics,
differences betw een DWR and TMR have been attributed to a num ber of
factors ranging from w ater's physiological effects on an im m ersed body to
differences in m uscular recruitm ent patterns.

Svedenhag and Seger (1992) explained that the differences found betw een
DWR and TMR w ere due to the physiological affect of water on the immersed
body. More specifically, w ater im m ersion caused acute cardiac and vascular
adjustm ents altering DWR m etabolic responses w hen com pared to treadm ill
exercise. A dditionally, increased external hydrostatic load and altered
running technique produced a greater reliance on anaerobic m etabolism in
DWR w hen com pared to TMR.

Concerned w ith overuse injuries and the popular prescription of D W R as a
preventative tool, M ichaud et. al. (1995) set out to research the beneficial
claims of D W R advocates, w hich to date have rem ained unsupported
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experim entally. T heir results indicate that muscle specificity and recruitm ent
differs considerably from TM R. A dditionally, these investigators conclude
that HR m ay be an accurate assessm ent of aerobic dem ands of D W R (ru n n in g
in both m edium s at the same heart rate had sim ilar energy costs). RPE, on
the other hand, w as not found to be an effective m easure of effort as this may
be affected by training specificity. DWR was found in this study to be a sim ilar
form of exercise to TM R at subm axim al levels of intensity. The greater
anaerobic dem and that D W R is hypothesized to having may be due to larger
m uscle recruitm ent, and use of u p p er extrem ity muscles not used on land.
F urther research was deem ed necessary in this area.

Frangolias and Rhodes (1995) suggest the differences they found in DWR
w hen com pared to TMR, are due to varied active m usculature and muscle
recruitm ent patterns in deep w ater running. These altered patterns were
explained to be caused by the increased viscosity of water, creating more
friction on the m oving body, and due to w ater's property of buoyancy.

Physiological

Effects of Water on an Immersed Body

Past investigations have concluded that several cardiorespiratory adjustm ents
occur w hen a body at rest is im m ersed in water. These adjustm ents include
increases in central venous pressure, cardiac blood volume, stroke volume,
and cardiac output w ith negligible changes in heart rate blood pressure or
vital capacity w hen com pared to a body at rest on land (Arborelius et. al., 1972;
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Risch et. al., 1978; and Sheldahl et. al., 1984). D uring exercise in water, higher
stroke volum es, cardiac output, and breathing frequency but lower tidal
volum es w ere m easured (Sheldahl et. al., 1984).

Overuse Injuries: A n Implication For Prevention
A study by Shw ayhat et al. (1994) looked at the incidence of overuse injuries
am ong U nited States N avy Sea, A ir and Land (SEAL) recruits. D uring a
rigorous 6 m onth physical training program , an incidence of 3.4 overuse
injuries per 1000 recruit-days w as observed. Age and running history were
observed to determ ine risk factors for developing overuse-type injuries. Age
was found to have no bearing on the incidence of overuse injury. Previous
running history show ed that recruits w ho ran at a pace slow er than 8 m inute
mile and on softer training surfaces w ere more likely to sustain overuse
injuries w ith the addition of m ore strenuous endurance training and harder
training surfaces (Shwayhat et al., 1994).

In another study exam ining rates and risks for running and exercise injuries,
Blair et al. (1987) found that 24% of the 438 questioned subjects reported
injuries d u rin g the past 12 m onths w hich were serious enough to cause them
to stop running for at least 7 days. These highly active recreational runners
suffered back and low er extrem ity injuries related to their exercise, w ith the
knee m ost commonly injured. Distance w as found to be statistically
significant in the causal relationship of the overuse injuries.
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Endurance Training Effects
The foundation of all training is based on the concept of progressive
overload. The progressive overload principle involves progressively
increasing training stim ulus in attem pts for the body to respond by adapting
to that level of stim ulus or stress (Wilmore & Costill, 1994). To improve
cardiorespiratory perform ance, stress on the body m ust continually progress
in the form of endurance training.

Many adaptations in the cardiovascular system occur w ith increased
w orkload dem and, including increased heart size (weight, volume and left
ventricular w all thickness and cham ber size), increased stroke volume,
greater m axim al cardiac output, low ered resting and subm axim al heart rates
(heart becom es m ore efficient), increased blood flow, low ered resting blood
pressure, and increased blood volum e, m etabohc increases, w ith sUght
respiratory adaptations (Ekblom B et. al., 1968, M artin et. al., 1979).

Detraining Effects
Coyle et al (1983) investigated the detraining effects of 7 highly trained
endurance athletes after 12, 56 and 84 days of consecutive inactivity. VO^
( Lmi n^) declined 7%, 13% and 15% respectively. Furthermore, decreases
w ere observed after 12 days of inactivity in exercise stroke volume (decreased
by 11%) and m axim um heart rate (increase by 4%), resulting in decrements in
cardiac output (by 7%), after w hich cardiac output did not change significantly
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d uring the rem aining days of inactivity. M itochondrial enzym es also
displayed decrem ents in concentration w ith inactivity. Citrate synthase levels
in trained m uscle decreased 41% by day 56, and decreases were also evident
w ith succinate dehydrogenase concentrations. Overall, the effects of
detraining w ere m ost significant during the first twelve days of inactivity.
Slight decrem ents continued and began to stabilize thereafter.

In another study exam ining the detraining effects on cardiovascular
responses, Coyle et al. (1986) observed male endurance athletes (N= 8 ) who
u nderw ent a detraining period of 2 weeks (group 1) and 4 weeks (group 2).
Decrem ents in blood and plasm a volume, and VOg (decreased 6 %) were
observed, w hile increases in heart rate (HR) and total peripheral resistance
(TPR) were found. Once blood volum e levels were restored to norm al
through an infusion of 6 % dextran solution in saline, the effects of detraining
on the cardiovascular system w ere reversed. Decreases in plasm a volume
(and thus blood volum e) and subsequent losses in cardiovascular function,
therefore, tend to lim it ventricular filhng during upright exercise in
detrained athletes (Coyle, 1986).

Hickson et al. (1985) studied the effects of reduced training on aerobic power,
endurance and cardiac growth. The twelve subjects participating in this
project w ere placed on a 10 w eek program , training 6 days a week. Their
training w as then reduced by one-third (N=7) or by two -thirds (N= 6 ) for 15
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weeks (one subject participated in both groups). D uring the training phase,
noticeable increases in VO;

'vere recorded (14%-20%). W ith detraining,

V O 2 „,ax decreased significantly, yet rem ained higher than pre-training levels,
w ith the tw o-thirds group's VO^

declining more than the one-third group.

Furtherm ore, long term endurance was affected by the detraining, declining
21% in the one-third group and 30% in the tw o-thirds group. Conclusions
d raw n from this study signify that training intensity plays a significant role in
m aintaining a high level of cardiovascular endurance capacity.

D W R as a Training Tool
A six w eek D W R training program was studied by W ilber et al. (1994), to
investigate the exercises' possible effect on cardiovascular maintenance.
Sixteen highly trained runners participated in this study, and w ere assigned to
one of tw o training groups; w ater running or TMR. W orkouts consisted of
either 30 m inutes at 90-100% VO;

or 60 m inutes at 70-75% VO;

These

w orkouts were alternated daily, and perform ed 5 days a week. After six weeks
of training, no difference w as found betw een the two m odes of training when
VO; ^ 3^, anaerobic threshold and running economy were m easured. This
investigation concludes that D W R is an effective alternative to dry land
training, w ith sim ilar physiological responses.

In a study by Eyestone et. al., 1993, VO;

m aintenance was investigated by

com paring DWR and dry land cycling. O ver a six week training period, 32
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subjects w ere random ly placed in a DWR training group, cycling training
group, or a dry land running training group. The training progressively in
frequency, intensity and duration. The initial training intensity was at 70% of
m axim al heart rate in W eek 1, 75% in W eek 2, and 80% in Week 3 to 6 . After
com pletion of the training period, VOg

and a two-mile ru n were assessed

and com pared to pre-training values. A small, but statistically significant
decrease in VO^

w as determ ined in all training groups. However, in the

tw o-m ile run, a statistically significant difference was not show n in any of the
groups. A ccording to this data, the researchers beÜeve that the detraining
effects of inactivity can be alleviated by im plem enting a cycling or DWR
training protocol at intensities, frequencies and duration equivalent to dry
land running.

C hapter Three : M ethodology

Setting
The m axim al VOj test and the subm axim al treadm ill running trials took
place in the U niversity of M ontana's D epartm ent of H ealth and H um an
Perform ance Exercise Science Laboratory, McGill Hall, #121. A ll subm axim al
deep w ater running trials took place in the U niversity of M ontana's Grizzly
Pool.

Subjects
A group of 9 trained m ales served as subjects in this investigation. One
subject w as d ropped as he w as unable to complete the DWR portion of this
study (unable to com plete the 80% treadm ill

intensity during DWR).

The sam ple w as com prised of University cross country runners aged 19-23
years. The subjects volunteered participation in this study, and completed a
U niversity of M ontana IRB-approved inform ed consent form. Data was
collected on height, weight, percent body fat and maximal VO^ before
com pleting two, tw o-staged subm axim al exercise trials of deep water running
and treadm ill running. The prescribed exercise intensity for the submaximal
trials was at heart rates equal to 60% and 80% treadm ill VO;
consistent in both the treadm ill and w ater exercise.
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and rem ained
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Descriptive D ata
Height, Weight, Age and Training Habits
Data was gathered to determ ine the participants height, weight, age and
training habits (Table 2). H eight and weight w ere m easured using calibrated
scales and m easures in the H um an Perform ance Laboratory, The University
of M ontana. T raining habits w ere also investigated and recorded according to
frequency, duration and intensity and type of habitual exercise training, and
as to their past deep w ater running experience.

Body Fat
Percent body fat was determ ined by hydrostatic weighing. Residual lung
volum e was estim ated using an average of the G oldm an & Becklake (1959)
and Boren et al. (1966) techniques. The subject's height and dry weight
(Toledo) w ere m easured, as was the tem perature of the w ater and tare weight
of the w ater scale (ChatiUon A utopsy Scale, NY). T he subjects were instructed
to the proper technique of un d er w ater w eighing (shower before entering
tank, fully im m erse body un d er w ater, exhale completely, and attem pt to
elim inate m ovem ent w hile u n d er water) before the w eighing trials. T he
n u m b er of u n d er w ater w eighing trials varied from subject to subject,
h o w ev er, 3 m easures w ithin lOOg of each other were needed for data
com putation (Bonge & Donnelly, 1989). The m ulticom ponent data was
recorded on data sheets and used to determ ine body volume, body density
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and finally percent body fat using the Lehm an (1992) ag e/g en d er specific
equation.

Exercise Testing
For all metabolic testing, a TEEM 100 (AeroSport Inc., A nn Arbor, Ml) on-line
m etabolic system was used for the m easurem ent and analysis of expired gases,
equipped w ith either a m edium -flow (10-120 L m in ^) or high-flow
pneum otach (50-200 L m in ') . Prior to each exercise test, the metabolic system
was calibrated w ith certified gases of know n concentration and w ith a 3 L
syringe before each exercise test according to the m anufacturer (AeroSport
O perators M anual, 1993). H eart rate was continuously m onitored using a
telem etry chest strap heart rate m onitor (Polar, Port W ashington, NY).
Subjects w ere asked to refrain from any non-habitual exercise training during
the period of testing, not consum e food for 2 1 / 2 to 3 hours prior to the test, be
euhydrated, have adequate sleep and refrain from exercise 12 hours prior to
all testing procedures.

M a xim al VOj Treadm ill Test
The m axim al treadm ill test took place on a m otorized treadm ill (Q uinton
Q65, Seattle, WA.). Data w as collected using the TEEM 100 metabolic system
equipped w ith a high-flow pneum otach. Data was recorded every 20 seconds
for the values of VO; (L m in ^ and m Lkg^ m in^), RER, energy expenditure, fat
and carbohydrate oxidation and YE. The subjects were fam iliarized to the test
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protocol and procedures and w ere instructed to signal to end testing in events
of u nusual or uncom fortable sensations. The test protocol consisted of three
steady state stages, each 5 m inutes in length. T he initial three workloads
consisted of 0% grade at 2.2, 3.1, and 4 m sec ^ A t m inute 12, the speed was
increased to 4.4 m sec^ w ith a 2% grade, and increased by 2% grade every
m inute thereafter. VOg

was determ ined from the average of at least two

recorded values (20 second intervals). The criteria for the attainm ent of VOj
max included a heart rate of age-predicted max, a plateau in VOj a n d /o r a
RER >1.1. These criteria were m et by all subjects. Maximal VOg was
considered from at least two 20 second interval readings.

V entilatory Threshold
For descriptive purposes, the estim ation of ventilatory threshold (Ty^^) was
perform ed using the m axim al treadm ill VOj data. Tyg^ was estimated by
plotting VEgtpj (L m in

over exercise tim e and was estim ated as the point VE

increased disproportionately as com pared to oxygen consum ption
(W asserm an et. al., 1987). This w as perform ed sim ply to determ ine whether
the 60% and 80% subm axim al exercise trials occurred above or below
estim ated T^g^.

Subm axim al Trials
The subjects h ad 48 hours after the m axim al treadm ill test before beginning
the subm axim al trials. At least 24 hours b u t not more than 14 days separated
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the tw o subm axim al trials.

Treadmill R unning Trial
Data from the m axim al oxygen consum ption test was used to determ ine the
treadm ill subm axim al intensity speeds equal to heart rates of 60% and 80%
treadm ill VOg

Treadm ill speed w as determ ined from individual simple

linear regression equations or from the m axim al treadm ill test results data.
Speeds w ere adjusted slightly during testing to achieve the desired steady state
heart rate.

M etabolic data w as continuously m onitored and data gathered every 20
seconds d u ring the two, five-m inute stage exercise test using the TEEM 100
metabolic system equipped w ith a m edium -flow pneum otach, calibrated as
indicated above. H eart rate w as recorded using the chest strap heart rate
monitor. Perceptual data was collected using hand signals and the Borg 6-20
rates of perceived exertion scale.

The treadm ill trial consisted of a brief w arm up period, followed by two, five
m inute-staged subm axim al intensity exercise at heart rates equal to 60% and
80% of treadm ill

Treadm ill speeds averaged 3.46 m sec"' ± 0.24, and

4.4 m sec^ ± 0.16 w ith a 2% ± 1.1% grade for the 60% and 80% trials,
respectively. One subject ran at a speed of 4.4 msec^ w ith a 4% grade during
the 80% trial in order to keep speed constant betw een subjects. Mean steady

29

state heart rate, m etabolic and perceptual inform ation w ere collected using
data from the last three m inutes of each stage.

Deep Water R unning Trial
The D W R trial was perform ed in deep w ater (2-3 meters in depth). The
TEEM 100 m etabolic unit, equipped w ith a m edium flow pneum otach was
calibrated as indicated above and was located poolside on a moveable cart.
Each subject was fitted w ith the Polar chest strap heart rate m onitor and a
m edium -sized floatation belt (Aqua Sprinter Belt, Sprint Sport, San Louis
Obisbo, CA).

The subjects w ater ran next to the edge of the pool and turned inw ard or
o utw ard at the end of the each pool length. Subjects began w ith a brief w arm 
up and then were encouraged to increase intensity to reach pre determ ined
heart rates equivalent to 60% and 80% treadm ill VO^

The subjects

received verbal feedback to increase or decrease heart rate using cadence or
pace instructions. In addition, subjects were encouraged to m aintain a proper
deep w ater ru nning form including a slight forward body lean, 90 degree
elbow flexion, and forw ard and backw ard m ovem ent of the arm s w ithout
paddling, w ith the low er extremities m oving back and forth as in dry land
ru n n in g .
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H eart rates and expired gas sam ples w ere collected every 20 seconds during
the two, five m inute staged test as in described in the treadm ill trial. Mean
steady state heart rate, metabolic and perceptual inform ation were collected
using data from the last three m inutes of each stage.

Research Design and Statistica l Procedures
This study involved a pre test, post-test, 2x2 factoral design. All dependent
variables (VOj, RER, VE, RPE, energy expenditure, fat oxidation and
carbohydrate oxidation) w ere analyzed using 2 x 2 repeated measures
A N O V A 's. Significant interactions w ere analyzed using a univariate
repeated m easures test. H eart rate w as subjected to the same statistical
analysis to assure no differences occurred betw een trials. Due to the use of
m ultiple statistical analyses perform ed on the same data set, a Bonferroni
adjustm ent was perform ed to decrease the occurrence of type I error (a =
0.05/7 = 0.007)

C hapter Foun Results

Table 2 lists the descriptive data of the tested runners. Tables 3 and 4 list the
m etabolic responses at 60% and 80% treadm ill VOj

for both the DWR and

TMR trials.

Table 2. Subject D em ographics and M aximal T readm ill VO; Data.
V ariable
Male (N=8)
Mean SD
Range
Age (yr.)
21.4 ±1.1
20.0 -23.0
H eight (cm)
169.6 -185.7
175.4 ±5.3
W eight (Kg)
68.7 ±5.7
63.8 - 81.2
Body Fat (%)
7.7 ± 2.7
2.5 -10.5
4.87 ± 0.47
VO 2
(L m in^)
4.26 - 5.44
(mLKg ^m in")
64.55 - 74.70
69.38 ±3.11
70-85
Vent. T hreshold (% V O ^^)
75 ± 5

The trial by intensity interaction for

was significant (p=0.007)

d e m o n stratin g a higher value for D W R at 80% treadm ill VO^
TMR. H ow ever, at 60% treadm ill VOj

compared to

there was not a significant

difference betw een the DWR and TMR trial (p=0.1036). For the variable of
RER, the m ain effect of trial was significant (p=0.0002) dem onstrating higher
values d u rin g DWR com pared to TMR. Furtherm ore, the m ain effect of trial
was significant for the variable of fat (p=0.0005) oxidation (g m in ^),
dem onstrating a decreased utilization of lipid sources during DWR. The
m ain effect of trial was also significant for the variable of carbohydrate
(p=0.0016) oxidation (g m in ^), indicating an increased reliance on
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carbohydrate sources during DWR. N o significant differences w ere found for
the m ain effect of trial for the variables of VOj, RPE or energy expenditure.
How ever, the m ain effect of intensity was significant (p=0.0001) for HR, VO^,
RER, RPE, energy expenditure, carbohydrate utilization and fat utilization,
d em onstrating that the 80% intensity stage w as greater com pared to the 60%
stage. N o significant difference w as found for HR between trials. Ventilatory
threshold in the current study w as estim ated at 75% ± 5% of maximal VO^.
Body fat estim ations w ere found to average 7.7%± 2.7%.

T ab les.
Trial / Intensity
W ater 60%
Treadm ill 60%

HRt
(bpm)
143±8
143±7

VO 2+
(m L K g^m in)
39.6±2.4
40.7±1.9

VE
^ -^STPD
(L m in ’)
54.5±6.7
49.4±5.8

RPEt
11.6+2.1
10.7+1.9

54.9±4.4
92.3±12.1
15.7+1.3
W ater 80%
172±6
74.2±9.9¥
Treadm ill 80%
173+6
14.0+1.7
55.4±2.3
t p<0.007 - m ain effect of intensity (80%>60%); * p<0.007 - m ain effect of trial
(DWR>TMR);¥ p<0.007 80% TMR>80% DWR

Table 4.

Sum m ary Table of Subm axim al DWR and TMR Data.

Trial / Intensity
W ater 60%
Treadm ill 60%

Energy E xpt
(K calm in^)
13.5^1.2
13.8+1.0

RERt*
0.93±.03
0.86±.02

Œ O +*
(gm in^)
2.48±.43
1.73±.31

FAT+A
(gm in^)
0.36+0.17
0.70+0.12

W ater 80%
18.9±1.6
1.06±.07
4.56±.45
0.06+0.14
Treadm ill 80%
19.2±1.6
3.73±.69
0.95±.03
0.38+0.21
t p<0.007 - m ain effect of intensity (80%>60%); * p<0.OO7 - m ain effect of trial
(DWR>TMR); A p<0.007 m ain effect of trial (TMR>DWR)

C hapter 5: D iscussion an d Recom m endations

The overall results of this study dem onstrate that DWR is a comparable form
of subm axim al intensity exercise to TMR in competitive, w ell-trained athletes
(in respect to energy expenditure and VOj). However, DWR does m aintain
its ow n properties of training specificity.

Oxygen Consum ption
No difference w as found in subm axim al VOg betw een DWR and TMR. This
dem onstrates that DWR provides a sim ilar form of cardiovascular exercise as
TMR, w ith sim ilar endurance capabilities. Furtherm ore, this indicates that
there are sim ilar total m uscle m ass recruitm ent patterns betw een these two
forms of exercise. These findings are sim ilar to the findings of M ichaud et. al.
(1995), w here there w ere no differences in VOg and HR at 75% treadm ill
betw een the two forms of exercise. In the current study, subjects
perform ed DWR and TMR exercise at intensity levels below and above
estim ated treadm ill T vent-

Ve ntilation
A lthough ventilation (VE^tpj) w as sim ilar betw een the two exercise trials at
low intensity (60%

as intensity increased above Tvent (up to 80%

VOj^ax), VE was greater during DWR com pared to TMR. At ventilatory
threshold, Frangolias & Rhodes (1995) found sim ilar values for VE in deep
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w ater and TMR, w ith significantly lower HR and VOj in the water. The
Frangolias & Rhodes (1995) investigation reported m inute ventilations of 66.4
and 65.7 L m in ^ for the treadm ill and deep w ater exercise respectively, while
heart rates for the treadm ill and w ater trials were 165 bpm and 152 bpm,
respectively. In contrast. Bishop et. al. (1989), found lower VE in deep water
than TMR at self selected paces. Here, again, VOj and RER were significantly
low er in the w ater than on land. HR was low er (122 vs. 157 in the w ater an
land run n in g trials, respectively), although not significantly lower. This data
suggests that as intensity and HR increases above T vent, ® more blatant
increase in ventilation occurs du rin g w ater exercise com pared to TMR.

RER and Substrate Utilization
A lthough oxygen consum ption patterns betw een dry land running and water
running rem ain sim ilar, the substrate utihzation patterns appear to differ
betw een DWR and TMR exercise. The higher RER and carbohydrate
oxidation d u rin g DWR indicates an increased reliance on glycolysis and
glycongenolysis and a decrease in the oxidation of available lipid sources
com pared to TMR. This variation in substrate utilization may indicate an
increased recruitm ent of less-trained muscles, particularly in the upper body.

M ichaud et. al. (1995) and Svedenhag & Seger (1992), found that DWR elicited
greater values for RER com pared to TMR. Both of these studies also found
greater blood lactate concentrations following the w ater exercise. This is in
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agreem ent w ith the present data which dem onstrated greater carbohydrate
oxidation (g m in ^ ) d u ring DWR. In contrast, other investigators found lower
(Bishop et. al., 1989) or equal (Ritchie & Hopkins, 1991) RER values between
the two exercises. H ow ever, these studies allowed subjects to exercise at a self
selected intensity.

Energy Expenditure
A lthough the sim ilarity in relative intensity (VOg) during subm axim al
exercise in deep w ater and TMR verify sim ilar total active muscle mass
recruitm ent (greater overall m uscular involvem ent in DWR w ould result in
significant differences in oxygen consum ption), differences found in substrate
utilization, RER, and 80% intensity VEgjpp, indicate an altered pattern of
m uscle recruitm ent. It appears that the trained propulsive muscles (tricep
surae complex) of the low er extremity are not as heavily recruited in DWR as
com pared to TMR, since the ground reactive forces experienced by these
muscles on dry land are rem oved in the w ater. As a result, the lower
extremity m uscles are alternatively replaced by the less trained muscles of the
u pper extrem ity (deltoids), which are required to overcome the physical
properties and greater resistance of water. W ater being more viscous than air,
causes an increased resistance to movement. Therefore, exercise in water is
dependent on the activity of m oving individual limbs against an
accom m odating resistance, not the activity of m oving the entire body's mass
forw ard, as on land. Subjects rem arked that fatigue occurred in the
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quadriceps, hip flexors and triceps and deltoids muscles following the
HR=80% VO 2 m ax intensity in the DWR trial.

The accom m odating resistance of w ater on the body and drag, pressure
behind the body as it m oves forw ard increases as the intensity of DWR
increases. The faster the body attem pts to move forw ard, the greater the
forw ard resistance and drag pulling the body backw ard (Fawcett, 1992).
Therefore, forces acting against the exercising body w ould be greater at 80%
V^amax/ than at 60% VOg

O n this assum ption, the upper extremity

muscles, relatively untrained against resistance, will fatigue faster, leading to
altered substrate utilization and subsequent ventilation requirem ents
com pared to dry land running. As training progresses, the metabolic
variables such as VE^^, RER and substrate utilization may become more
sim ilar to dry land running, particularly at intensities above the ventilatory
th resho ld.

RPE
The perception of DWR and TMR in w ater-experienced, trained cross-country
runners was similar. At heart rates of 143 bpm , RPE's of 12 and 11 (Borg 6-20
scale) w ere found for w ater and treadm ill runs trials, respectively. This data
is sim ilar to M ichaud et. al. (1995), who reported a m ean w ater RPE of 12 at a
m ean heart rate of 154 bpm . The comparable w orkload perception may be
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due in part to the subject's fam iliarity w ith the w ater exercise a n d /o r as
norm al response to DW R's training specificity.

Injury Prevention and DW R as an Endurance Training Tool
The results show that D W R is a sim ilar cardiovascular training m ethod to
TM R, w hile m aintaining its ow n unique exercise properties. Similar VO^,
RPE and energy expenditure findings betw een deep w ater and TM R indicate
that D W R is an effective m odality for endurance conditioning. W h e n
considering m ode specificity, athletes who train at or below ventilatory
threshold m ay benefit m ore from DWR than athletes w ho train above this
intensity and are initially unaccustom ed to DWR. However, the efficacy of
using D W R training for perform ance on dry land rem ains unsubstantiated.
W ithout m uscular activity data, such as electrom yography (EMG), or DW R
d u rin g a period of dry land detraining, it is speculative at best to predict
athletic perform ance on dry land through the potential cross over effect. For
injury prevention and rehabilitation, D W R can be incorporated into
in d ividualized cardiovascular program s w ith predicted success.

Discussion for Further Study
D W R proponents claim there is a cross over effect in perform ance between
deep w ater and TMR. L ongitudinal studies by W ilber et al. (1994), Eyestone et
al. (1993) and M ichaud et al. (1995) have looked at cardiovascular and dry land
perform ance after training in D W R or TMR. M ichaud et al. (1995) found
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im provem ents in treadm ill and w ater VO^

after an 8 week D W R session

in sedentary adults. W ilber et al. (1994), looking at elite caliber runners,
found no difference in VOg

anaerobic threshold, or running economy

after a 6 w eek training program in w ater or on land. Lastly, Eyestone et al.
(1993) found that after a 6 w eek consistent train in g protocol either in DW R,
cycling or TM R, the recreational athletes had no difference in VOj

or 2

mile ru n perform ance w ith respect to training m odality. A lthough
im portant cardiovascular com parison inform ation w as gained from these
investigations, they do not fully consider the dry land endurance running
perform ance in high caliber athletes. Therefore, the cross over effect of DW R
on dry land endurance perform ance rem ains unclear for this population.
Further research is necessary to determ ine the effects of DWR on running
perform ance in trained athletes. In addition, electrom yograph data describing
the specific m uscle recruitm ent patterns d u rin g DWR exercise will further
explain the potential of crossover and the extent of specificity.

A ppendix I
M anuscript fo subm ission to the Journal of Sports
M edicine and Physical Fitness
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A b stract
Objective: The purpose of this study was to physiologically com pare
subm axim al intensity deep w ater running (DWR) and treadm ill running
(TMR) exercise in trained athletes. Experim ental Design: The following
study involved a pre-test, post-test, 2 x 2 factoral design. Setting: T readm ill
exercise tests occurred in the H um an Performance Laboratory. DWR trials
took place in the deep end of the Grizzly pool. Participants: Seasonally
trained college-aged m ale cross country runners (N=8). Intervention:
Subjects com pleted a treadm ill m axim al oxygen consum ption (VO^
10

test,

follow ed by a subm axim al treadm ill ru n and deep w ater ru n at heart rates
equivalent to 60% and 80% treadm ill VO^

M easures: Oxygen

co n sum ption (VOg), ventilation (VE^jp^), rates of perceived exertion (RPE),
energy expenditure (Kcal m in^), respiratory exchange ratio (RER), fat and
carbohydrate oxidation (g m in ^) were m easured during two 5 m inute steady
state stages for both trials. Results: The trial by intensity interaction for V E ^
was significant, dem onstrating greater ventilation during DWR as compared
to TMR at 80% VOg

The m ain effect of trial dem onstrated that

significantly higher RER and carbohydrate oxidation, and lower fat oxidation
occurred d u rin g DWR as com pared to TMR. VO^, RPE, and energy
20

expenditure did not differ significantly betw een trials. Conclusions: DWR is
a com parable form of subm axim al intensity exercise as TMR in com petitive,
w ell-trained athletes. H ow ever, DWR does m aintain unique properties that
differs it from TMR. Therefore, the concept of training specificity should be
further considered w hen prescribing DWR as a dry land running
perform ance enhancem ent tool.
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In tro d u ctio n
Injury, or the threat of becom ing injured has provoked the developm ent of
alternate training activities. One such form of training that has evolved is
that of deep w ater running (DWR). DWR sim ply sim ulates dry land running
in the deep end of the sw im m ing pool (Figure 1). The physical properties of
w ater (buoyancy, specific gravity, m om ent of force, hydrostatic pressure,
viscosity and accom m odating resistance) lends D W R to being a unique and
beneficial form of exercise (1). This m odality allow s injured athletes to
perform m ore sport specific exercises earlier in injury rehabilitation, while
10

athletes concerned w ith overuse injuries can use DWR as a training adjunct,
reducing the detrim ental stress of gravity (2).

DWR, as a cardiovascular training or m aintenance tool, is being increasingly
incorporated in injury prevention and rehabilitation program s. Peak athletic
perform ance is d e p en d en t on cardiovascular endurance training, training
w hich m ay be jeopardized in the event of illness or injury. The effects of
d etraining, such as decreases in cardiovascular function, aerobic capacity,
m itochondrial respiratory enzym e activity, capillary density, preexercise
muscle glycogen stores and reduced utilization of free fatty acids can occur
20

w ithin 2 to 4 weeks after cessation of activity (3,4,5,6,7). Therefore, in order to
m aintain high levels of cardiovascular endurance capacity, even reduced
levels of training have been found to deter the effects of detraining (5,7).
More specifically, an exercise intensity of at least 70% VOg

is necessary to

43

m aintain cardiovascular training induced im provem ents (7). DW R,
therefore, m ay procure a useful niche for endurance runners w ho find
them selves injured and face detraining. U nfortunately, this theory rem ains
unsubstantiated by past research.

As indicated in Table 1, there is a clear discrepancy in the results of past
investigations of subm axim al intensity com parisons of DWR and treadm ill
ru n n in g (TMR). Areas of discrepancy include inconsistent research design
(untethering vs. tethering of athletes to pool edge for ease of data collection),
10

subject variability (trained vs. untrained; am ount of prior D W R experience)
and exercise intensity. D escriptors of exercise intensity have been em ployed
unequivocally, com prising of rates of perceived exertion or preferred running
intensity (8,9,10), percent of VO;

(11), and ventilatory threshold during

treadm ill and w ater VO; m axim al tests (12).

The purpose of this study was to com pare the effects of submaximal DWR
and TMR on oxygen uptake, energy expenditure and substrate utilization in
trained cross country runners. Inform ation gained from this study may be
useful for athletic injury prevention a n d /o r rehabilitation.
20

MATERIALS A N D M ETHODS
Subjects.
Eight trained m ale U niversity cross-country athletes (20-23 yrs. of age)
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volunteered participation for this study (Table 2). A n inform ed w ritten
consent form , approved by the U niversity Institutional Review Board (IRB),
w as obtained from all participants prior to data collection. Subjects were
currently in their fall com petitive running season, incorporating DWR into
their current training twice a week for 30 to 45 m inutes per session. Subject's
past DW R exposure varied, and ranged from at least 4 weeks to over four
years.

Body Fat Testing
10

Percent body fat was determ ined by hydrostatic weighing. Residual lung
volum e w as estim ated using an average of Goldm an & Becklake (13) and
Boren et. al. (14) equations. U nderw ater w eights were obtained using an
autopsy scale (Chatillon, NY), averaging three weighings w ithin lOOg (15) of
one another. Percent body fat was calculated from body density using the
Lohm an (16) a g e/g e n d e r specific equation.

For this investigation, the athletes first com pleted a treadm ill test for VOj
This w as follow ed on a separate day by a two-staged subm axim al treadm ill
ru n at 60% and 80% treadm ill VOj
20

The athletes then completed a

subm axim al deep w ater ru n in the pool at heart rates equal to 60% and 80%
treadm ill VOj max. Submaximal trials w ere separated by at least 24 hours and
w ere no m ore than 14 days apart. Subjects had not engaged in any form of
training for at least 12 hours prior to each testing session.
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T readm ill
The VO 2

Trial.
test w as perform ed on a m otorized treadm ill (Quinton Q65,

Seattle, WA). This test was used to both qualify a subject for participation in
this study (attainm ent of a VOj of at least 50 mL Kg min) and to determ ine
subm axim al intensity levels for the D W R and TM R trials.

M etabolic data w as continuously m easured throughout each test using a
TEEM 100 (AeroSport, A nn A rbor MI) metabolic system equipped w ith a
high-flow pneum otach (50-200 L m in ^). This system was calibrated with
10

certified gases of know n concentration and w ith a 3L syringe before each
exercise test according to the m anufacturer (AeroSport Operators Manual,
1993). H eart rate w as continuously m onitored using a telem etry chest strap
heart rate m onitor (Polar, Port W ashington, NY). The subjects were
fam iliarized to the test protocol and procedures, and were instructed to signal
to end testing in events of u n u su a l or uncom fortable sensations.

The m axim al test protocol consisted of three, four m inute steady state stages
at 2.2, 3.1, and 4 m sec \ At m inute 12, the treadm ill speed was increased to 4.4
m sec ^ w ith a 2% grade and increased 2% grade every m inute thereafter until
20

volitional exhaustion. The m etabolic system analyzed gas data every 20
seconds and heart rate was recorded similarly. A plateau in VOj, respiratory
exchange ratio >1.1, a n d / or achievement of age-predicted maximal heart rate
w ere used as the criteria for the attainm ent of VOg

These criteria were
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m et by all subjects. M aximal oxygen consum ption (VOg ^ax) was considered
from at least tw o 20 second interval readings.

Ventilatory Threshold
For descriptive purposes, the estim ation of ventilatory threshold (T^g^) was
perform ed using the m axim al treadm ill VOg data. Tvent was estimated by
plotting VEjtpj (L m in ^) over exercise time and was estim ated as the point VE
increased disproportionately as com pared to oxygen consum ption (17). This
w as perform ed sim ply to determ ine w hether the 60% and 80% submaximal
10

exercise trials occurred above or below estim ated

T v en t-

Treadmill Submaximal Trial
The TMR trial consisted of a brief w arm -up followed by two, five minutestaged subm axim al intensity exercise at heart rates equal to 60% and 80% of
treadm ill

Treadm ill speeds for each trial were pre-estimated using

in d iv id u al sim ple linear regression equations derived from the first three
stages of the m axim al treadm ill test and from m axim al test data (speeds
averaged 3.46 m sec ^± 0.24, and 4.4 m sec^ ± 0.16 w ith a grade of 2%± 1.1% for
the 60% and 80% trials, respectively). D uring the 80% trial, one subject ran at
20

4.44 m.sec-1 w ith a 4% grade in order to keep the speed constant. Heart rates
and expired gas sam ples w ere continuously m onitored using the Polar chest
strap m onitor and TEEM 100 metabolic system equipped w ith a m edium flow
pneum otach (10 to 120 L m i n ’) calibrated as indicated above. Following the
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exercise test, the treadm ill w as slowed to a walking pace for a recovery period.
M ean steady state heart rate, m etabolic and perceptual inform ation were
collected using data from the last three m inutes of each stage.

DW R Submaximal Trial
The DWR trial w as perform ed in the deep end of the pool (2 to 3 m eter
depth). The TEEM 100 metabolic unit, equipped w ith a medium -flow
pneum otach w as calibrated as indicated above prior to each test and was
located poolside on a m oveable cart. Each subject was fitted w ith the Polar
10

chest strap heart rate m onitor and a m edium -sized floatation belt (Aqua
Sprinter Belt, Sprint Sport, San Louis Obisbo, CA). Each subject began a twom inute w arm -up at a self selected pace, running close to the edge of the pool
b ut w ithout touching the edge and turning outw ard at the end of each length.
They w ere then w as asked to increase cadence so as to achieve heart rates
equivalent to 60% and 80% treadm ill ru n V

Mean steady state heart

rate, m etabolic an d perceptual inform ation were collected using data from the
last three m inutes of each stage. Feedback on heart rate was given
continuously to each subject so as to m aintain a steady state level of exercise
intensity.
20
Statistical Analysis
All d ep en d en t variables (VOj, RER, VE, RPE, energy expenditure, fat
oxidation and carbohydrate oxidation) were analyzed using 2 x 2 mixed
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design repeated m easures ANOVA's for the betw een factor of trial and the
w ithin factor of intensity. Significant interactions w ere analyzed using
planned com parisons betw een cell m eans (SuperANOVA). Heart rate was
subjected to the same statistical analysis to assure no differences occurred
betw een trials. D ue to the use of m ultiple statistical analyses perform ed on
the sam e data set, a Bonferroni adjustm ent for alpha was perform ed to
decrease the occurrence of type I error (0.05/7 = 0.007).

R esults
10

Table 2 lists the descriptive data of the tested runners. Tables 3 and 4 list the
m etabolic responses at 60% and 80% treadm ill VOg

for both the DWR and

TMR trials. The trial by intensity interaction for VE^jp^ was significant
(p=0.007) dem onstrating a higher value for D W R at 80% treadm ill VO;
com pared to TM R. H ow ever, at 60% treadm ill VO;

there was not a

significant difference betw een the DWR and TMR trial (p=0.1036). For the
variable of RER, the m ain effect of trial was significant (p=0.0002)
dem onstrating higher values d u rin g DWR com pared to TMR. Furtherm ore,
the m ain effect of trial was significant for the variable of fat (p=0.0005)
oxidation (g m in ^ ), dem onstrating a decreased utilization of lipid sources
20

d uring DWR. The m ain effect of trial was also significant for the variable of
carbohydrate (p=0.0016) oxidation ( g m in ’), indicating an increased reliance
on carbohydrate sources during DWR. N o significant differences were found
for the m ain effect of trial for the variables of VO;, RPE or energy expenditure.
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H ow ever, the m ain effect of intensity was significant (p=0.0001) for HR, VO;,
RER, RPE, energy expenditure and substrate oxidation, dem onstrating that
the 80% intensity stage was greater com pared to the 60% stage. No significant
difference was found for HR betw een trials. Ventilatory threshold in the
current study was estim ated at 75% ± 5% of maximal VO;.

D iscussion
The overall results of this study dem onstrate that DWR is a comparable form
of subm axim al intensity exercise to TMR in competitive, w ell-trained
10

athletes.
H ow ever, DWR does m aintain its ow n properties of training specificity.

Oxygen Consumption
No difference w as found in subm axim al VO; betw een DWR and TMR. This
dem onstrates that DWR provides a similar form of cardiovascular exercise as
TMR, w ith sim ilar endurance capabilities. Furtherm ore, this indicates that
there are sim ilar total m uscle mass recruitm ent patterns betw een these two
forms of exercise. These findings are sim ilar to the findings of M ichaud et. al.
(11), w here there w ere no differences in VO; and HR at 75% treadm ill VO;
20

betw een the tw o forms of exercise. In the current study, subjects perform ed
DWR and TMR exercise at intensity levels below and above estim ated
treadm ill T vent.
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Ve ntilation
A lthough ventilation (VE^jp^) was similar betw een the two exercise trials at
low intensity (60% VOg^ax)/

intensity increased above T vent (up to 80%

VOj^ax)/ VE was greater during DWR com pared to TMR. At ventilatory
threshold, Frangolias & Rhodes (12) found sim ilar values for VE in deep
w ater and TMR, w ith significantly lower HR and VO; in the water. The
Frangolias & Rhodes (12) investigation reported m inute ventilations of 66.4
and 65.7 L m in ^ for the treadm ill and deep w ater exercise respectively, while
heart rates for the treadm ill and w ater trials were 165 bpm and 152 bpm,
10

respectively. In contrast. Bishop et. al. (1989), found low er VE in deep water
than TMR at self selected paces. Here, again, VOg and RER were significantly
low er in the w ater than on land. HR was low er (122 vs. 157 in the w ater an
land running trials, respectively), although not significantly lower. This data
tends to suggest that as intensity and HR increases, a more blatant increase in
ventilation occurs during w ater exercise com pared to TMR.

RER and Substrate Utilization
A lthough oxygen consum ption patterns betw een dry land running and water
20

run ning rem ain similar, the substrate utilization patterns appear to differ
betw een DWR and TMR exercise. The higher RER and carbohydrate
oxidation d u ring DWR indicates an increased reliance on glycolysis and
glycogenolysis and a decrease in the oxidation of available lipid sources
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com pared to TMR. This variation in substrate utilization may indicate an
increased recruitm ent of less-trained muscles.

M ichaud et. al. (11) and Svedenhag & Seger (18), found that DWR elicited
greater values for RER com pared to TMR. Both of these studies also found
greater blood lactate concentrations following the w ater exercise. This is in
agreem ent w ith the present data which dem onstrated greater carbohydrate
oxidation ( g m i n ’) during DWR. In contrast, other investigators found lower
(8) or equal (9) RER values betw een the tw o exercises. However, these studies
10

allow ed subjects to exercise at a self-selected intensity.

Energy Expenditure
A lthough the sim ilarity in relative intensity (VOg) during subm axim al
exercise in deep w ater and TMR verify sim ilar total active muscle mass
recruitm ent (greater overall m uscular involvem ent in DWR w ould result in
significant differences in oxygen consum ption), differences found in substrate
utilization, RER, and 80% intensity VE^^p^, indicate an altered pattern of
muscle recruitm ent. It appears that the trained propulsive muscles (tricep
surae complex) of the low er extrem ity are not as heavily recruited in DWR as
20

com pared to TMR, since the ground reactive forces experienced by these
muscles on dry land are rem oved in the water. As a result, the lower
extrem ity m uscles are alternatively replaced by the less trained muscles of the
u p p er extrem ity (deltoids), w hich are required to overcome the physical
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properties and greater resistance of water. W ater being m ore viscous than
air, causes an increased resistance to movement. Therefore, exercise in w ater
is dependent on the activity of m oving individual limbs against an
accom m odating resistance, not the activity of m oving the entire body's mass
forw ard, as on land. Subjects rem arked that fatigue occurred in the
quadriceps, hip flexors and triceps and deltoids muscles following the
HR=80% treadm ill VO^ max intensity in the DWR trial.

The accom m odating resistance of w ater on the body and drag, pressure
10

behind the body as it moves forw ard increases as the intensity of DWR
increases. The faster the body attem pts to move forward, the greater the
forw ard resistance and drag pulling the body backward (1). Therefore, forces
acting against the exercising body w ould be greater at 80% VO;

than at 60%

VO; max- O n this assum ption, the upper extremity muscles, relatively
untrained against resistance, w ill fatigue faster, leading to altered substrate
utilization and subsequent ventilation requirem ents com pared to dry land
running. As training progresses, the metabolic variables such as VE,^pj, RER
and substrate utilization may become more sim ilar to dry land running,
particularly at intensities above the ventilatory threshold.
20
RPE
The perception of DWR and TMR in water-experienced, trained cross-country
runners was similar. At heart rates of 143 bpm , RPE's of 12 and 11 (Borg 6-20
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scale) w ere found for w ater and treadm ill runs trials, respectively. This data
is sim ilar to M ichaud et. al. (11), w ho reported a m ean water RPE of 12 at a
m ean heart rate of 154 bpm . The comparable w orkload perception may be
due in part to the subject's fam iliarity w ith the w ater exercise a n d /o r as
norm al response to DW R's training specificity.

Injury Prevention and DWR as an Endurance Training Tool
The results show that D W R is a sim ilar cardiovascular training m ethod to
TM R, w hile m aintaining its ow n unique exercise properties. Similar VOj,
10

RPE and energy expenditure findings betw een deep w ater and TM R indicate
that D W R is an effective m odality for endurance conditioning. W h e n
considering m ode specificity, athletes who train at or below ventilatory
threshold m ay benefit m ore from DWR than athletes who train above this
intensity and are initially unaccustom ed to DWR. However, the efficacy of
using D W R training for perform ance on dry land rem ains unsubstantiated.
W ithout m uscular activity data, such as electrom yography (EMC), or DW R
d u rin g a period of dry land detraining, it is speculative at best to predict
athletic perform ance on dry land through the potential cross over effect. For
injury prevention and rehabilitation, D W R can be incorporated into

20

in d ividualized cardiovascular program s w ith predicted success.
Discussion for Further Study
D W R proponents claim there is a cross over effect in perform ance between
deep w ater and TMR. Longitudinal studies by W ilber et al. (19), Eyestone et
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al. (20) and M ichaud et al. (21) have looked at cardiovascular and dry land
perform ance after training in D W R or TMR. Michaud et al. (21) found
im provem ents in treadm ill and w ater VOg

after an 8 week D W R session

in sedentary adults. W ilber et al. (19), looking at elite caliber runners, found
no difference in VO^

anaerobic threshold, or running economy after a 6

w eek training program in w ater or on land. Lastly, Eyestone et al. (20) found
that after a 6 w eek consistent train in g protocol either in DW R, cychng or
TM R, the recreational athletes had no difference in

or 2 mile run

perform ance w ith respect to training m odality. A lthough im portant
10

cardiovascular com parison inform ation w as gained from these
investigations, they do not fully consider the dry land endurance running
perform ance in high caliber athletes. Therefore, the cross over effect of DW R
on dry land endurance perform ance rem ains unclear for this population.
Further research is necessary to determ ine the effects of DWR on running
perform ance in trained athletes. In addition, electrom yograph data describing
the specific m uscle recruitm ent patterns d u rin g DWR exercise will further
explain the potential of crossover and the extent of specificity.

20
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Figure 1 . Deep W ater Running Form and M etabolic E quipm ent

Table 1.

Summary of Submaximal Intensity Studies Comparing Deep Water Running and TMR,

Reference

Subjects

Design

Results

Conclusions

Bishop ef. a l,
1989

5M .2FT

Prefêrred Running Speed
Untethered

DWR VE, VOj, RER< TMR
DWR HR, RPE = TMR

Metabolic costs of DWR are less fRan H vk. May h e l^ essen rate of
detraining. Difficult to control load intensity.

DeMaere &
Ruby, 1995

8M T
DWR-T

5 min. stages
HR=60% TM
HR=80% TM
Untethered

DWR RER, 80% VE > TMR
DWR HR, VOj, RPE E Expend,
60%VE = TMR

Energy cost of DWR is saime as TMR. Excellent tool for cardiovascular
maintainance. Different pattern of muscular recruitment in DWR-Be aware
of differences in sport specificity and physical properties of water exercise.
HR can be used to prescribe intensity.

Frangolias &
Rhoaes, 1995

8M5F T
DWR-T

Ventilatory Threshold (T^^nt)
Tethered

DWR V O j, HR < TMR
DWR RPE, VE = TMR

Active musculature and recruitment patterns differ in DWR due to the
viscosity friction and NWB nature of water.

Michaud e t at,
1995

8M T

3,15 min tests: TMR @ 75%TM
DWR @70% DW VO^.„
and DWR @ 75% TM
Tethered

DWR HR, V O j = TMR
DWR (Bla}, RER, RPE> TMR

In trained runners, HR, not RPE can be used to accurately asses the aerobic
demand of DWR. At same HR, energy cost is equal.

Ritchie &
Hopkins, 1991

8M T

30 min. sessions. DWR "Hard",
TMR "Hard" and "Normal", Road
"Normal." Untethered

DWR "Hard" VOj, RER, and RPE =
TMR "Hard"
DWR "Hard" HR < TMR "Hard" =
TMR "Normal"

Well trained runners can achieve high level of intensity in DWR. Consider
sport specificity. Is running performance maintained? Enhanced?

Yamaji et. at,
1990

lOMT

Self selected "easy", "moderate"
and "hard" efforts. Restricted
Movement, Unsupported

No effect of water vs treadmill
running on HR-VO; relationship

Increased arm motions in untrained DWR subjects resulted in increased
heart rates. Skill level in water must be considered before prescribing
DWR. Future research in metabolic costs.

Svedenhag &
Seger, 1992

9M T

HR of 115,130, 145, and 155-160.
Untethered

DWR RER and RPE> TMR
DWRVE = TMR
At given VO2 , DWR HR< TMR

Physiological effects of water resulted in lower HR and caused increased
anaerobic metabolism (altered running technique)

Abbreviations: [Bla] = Blood lactate concentration; DW = Deep Water; DWR = Deep Water Running; E Expend = Energy Expenditure; F = Female; HR = Heart Rate; M = Male; NWB =
Non Weight Bearing; RER = Respiratory Exchange Ratio; T = Trained; TM = Treadmill; TMR = Treadmill Running; VÉ: Ventilation (STlî^D); VOj = oxygen uptake;
=maximum
oxygen uptake
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Table 2. Subject D em ographics and Maximal Treadmill VO Data.
2

Variable
Age (yr.)
Height (cm)
W eight (Kg)
Body Fat (%)
V O max (Lmin^)
V O max (m LK g ^min^)
Ventilatory Threshold (%VOj
2

2

Male (N = 8)
M ean SD
21.4 ±1.1
175.4 ±5.3
68.7 ±5.7
7.7 ±2.7
4.87 ±0.47
69.38 ±3.11
75± 5

60

Table 3.

Sum m ary Table of Submaximal DWR and TMR Data.
VO +
(mLKg'^min)
39.6±2.4
40.7±1.9

"^^STPD

RPE+

W ater 60%
Treadmill 60%

HRt
(bpm)
143±8
143±7

(Lmiri^)
54.5±6.7
49.4±5.8

11.6±2.]
10.7Ü.9

W ater 80%
Treadmill 80%

172±6
173±6

54.9±4.4
55.4±2.3

92.3±12.1
74.2±9.9¥

15.7±1.2
14.0+1.7

Trial / Intensity

2

t p<0.007 - m ain effect of intensity (80%>60%); * p<0.007 - m ain effect of trial
(DWR>TMR);¥ p<0.007 80% TMR>80% DWR
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Table 4.

Sum m ary Table of Submaximal DWR and TMR D ata.

T ria l/
Intensity
W ater 60%
Treadmill 60%

Energy E xpt
(Kcalmin^)
13.Sn.2
13.8±1.0

W ater 80%
Treadmill 80%

18.9Ü.6
19.2±1.6

0.93±.03
0.86±.02

C H O t*
(gmin^)
2.48±.43
1.73±.31

FATtA
(gmiri^)
0.36±0.17
0.70±0.12

1.06±.07
0.95±.03

4.56±.45
3.73±.69

0.06±0.14
0.38±0.21

RER t*

(DWR>TMR); A p<0.05 m ain effect of trial (TMR>DWR)

A ppendix II
Statistical Results
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V 0 2 (L/min)

T y p e III S u m s

o f Squares

S ource

Trial
SubJect(Group)
Intensity

Sum o f Squares

Mean Square

F-Value

P-Value

1

.051

.051

446

.5152

462.540

.0001

.0001

.0001

.096

.7610

.7610

.7610

14

1.608

.115

1

8.653
.002
.262

8.653
.002
.019

1
Intensity * Trial
14
Intensity * SubJ...
Dependent: V02 (L/min)

T able of Epsilon F a c to rs for df A d ju stm e n t
D ep en d en t: V 0 2 (L /m in )
G-G Epsilon

H-F Epsilon

1.000

1.077

intensity

NOTE; Probabilities are not corrected for values
of epsilon greater than 1.

M eans T ab le
E ffe c t: T rial
D ep endent: V 02

(L /m in )

Count

Mean

Std. Dev.

Std. Error

w ater

16

3.265

.597

treadmill

16

3.345

.587

.149
.147

Count

Mean

Std. Dev.

Std. Error

60%V02

16

2.785

.208

.052

80%V02

16

3.825

.291

.073

M eans T a b le
E ffe c t: I n te n s ity
D ep endent: V 02 (L /m in )

:

M eans T a b le
E ffect: In te n s ity * Trial
D ependent: V 02 (L /m in )
Count

Mean

Std. Dev.

Std. Error

60%V02, water

8

2.737

.072

60%V02, treadmill

8

2.832

.203
.216

80%V02, water

8
8

3.792

.296

3.858

.303

.105
.107

80%V02, treadmill

.076

G-G

H-F

df

V 0 2 (m L/K g/m in)

T y p e III S u m s

o f Squares

Source

df

Sum o f Squares

Mean Square

F-Value

P-Value

.346

.5658

G-G

H-F

1

4.366

4.366

Subject(Group)
Intensity

14
1

176.703
1 794.305

1794.305

436.167

.0001

.0001

.0001

Intensity * Trial
Intensity * SubJ...

1
14

.839

.839
4.114

.204

.6586

.6586

.6586

Trial

12.622

57.593

Dependent: V02 (mL/Kg/min)

T able of Epsilon F a c to rs for df A d ju stm e n t
D ep en d en t: V 02 (m L /K g /m in )

Intensity

G-G Epsilon

H-F Epsilon

1.000

1.077

NOTE: Probabilities are not corrected for values
of epsilon greater than 1.

M eans T a b le
E ffe c t: T rial
D e p e n d e n t: V 02

(m L /K g /m in )

Count

Mean

Std. Dev.

Std. Error

16

47.287

2.150

16

48.026

8.598
7.834

w a te r
treadm ill

1.958

M eans T ab le
E ffe c t: I n te n s ity
D e p e n d e n t: V 02 (m L /K g /m in )

60%V02
80%V02

Count

Mean

Std. Dev.

Std. Error

16

40.169
55.145

2.133
3.379

.533
.845

16

M eans T a b le
E ffe c t: In te n s ity * Trial
D ep en d en t: V 02 (m L /K g /m in )
Count

Mean

Std. Dev.

Std. Error

60% V02, water
60% V02, treadmill

8
8

39.637

2.362

40.700

80%VO2, water
80%VO2, treadmill

8
8

54.937

1.878
4.367

.835
.664
1.544

55.353

2.301

.813

VE STPD (L/m in)

T y p e III S u m s o f S q u a r e s
df

Sum of Squares

Mean Square

F-Value

P-Value

Trial
SubJect(Group)
Intensity

1
14

1078.801

1078.801
126.994

8.495

.0113

7825.005

229.093
9.972

.0001

.0001

.0001

.0070

.0070

.0070

1777.918
7825.005

1
1
14

Intensity * Trial
Intensity * SubJ...

340.605

340.605
34.156

47 8.190

Dependent: VE STPD (L/min)

T ab le of Epsilon F a c to rs for df A d ju stm e n t
D e p e n d e n t: VE STPD (L /m in )
G-G Epsilon

H-F Epsilon

1.000

1.077

Intensity

NOTE: Probabilities are not corrected for values
of epsilon greater than 1.

M eans T ab le
E ffe c t: T rial
D ependent: VE STPD (L /m in)
Count

Mean

Std. Dev.

Std. Error

16
16

73.412
61.800

21.685
14.985

5.421
3.746

Std. Error

w ater
treadmill

M eans T ab le
E ffe c t: I n te n s ity
D ependent: VE STPD (L /m in )
Count

Mean

Std. Dev.

60%V02

16

1.653

16

51.969
83.244

6.612

80%V02

14.188

3.547

M eans T able
E ffect: In te n s ity * Trial
D ependent: VE STPD (L /m in)
Count

Mean

Std. Dev.

Std. Error

60% V02, water

8

54.512

6.732

2.380

60% V02, treadmill
80% V02, water

8
8

49.425
92.312

5.795
12.077

2.049
4.270

80% V02, treadmill

8

74.175

9.876

3.492

G-G

H-F

Source

VE STPD (L/min)
Univariate Repeated Measures

T ype

III S u m s

o f Squares

Source

df

Sum o f Squares

Mean Square

F-Value

P-Value

Trial
Subject(Group)

1
14

1078.801
1777.918

1078.801
126.994

8.495

.0113

7825.005
340.605

7825.005
340.605

229.093
9.972

.0001
.0070

47 8 .1 9 0

34.156

1
1
14
Dependent: VE STPD (L/min)
Intensity
Intensity * Trial
Intensity * Subj...

.RN:N:;:, P-Values reported for this repeated measures model have not been corrected for
possible violations of th e assumption of no correiation between observations.

60% W ater vs 60% Treadm ill
E ffect: In te n s ity * Trial
D ep en d en t: VE STPD (L /m in )

80% W ater vs 80% Treadm ill
E ffe c t: In te n s ity * Trial
D ep en d en t: VE STPD (L /m in)

Cell Weight

Cell Weight

60%VO2, water

1.000

60%VO2, treadmill

-1 .0 0 0

80% V02, water

1.000

80%VO2, treadmill

-1 .0 0 0

df
Sum of Squares

1
103.531

df
Sum of Squares

1
131 5.876

Mean Square
F-Value
P-Value

103.531
3.031
.1036

Mean Square
F-Vaiue
P-Value

1315.876
38.525
.0001

60% W ater vs 80% W ater
E ffect: In te n s ity * Trial
D ependent: VE STPD (L /m in )

60% Treadm ill vs 80% Treadm ill
E ffe c t: In te n s ity * Trial
D ep en d en t: VE STPD (L /m in)

Ceil Weight

Cell Weight

60%VO2, water

1.000

60% V02, treadmill

1.000

80% V02, water

-1 .0 0 0

80% V02, treadmill

-1 .0 0 0

df
Sum of Squares
Mean Square
F-Value
P-Value

1
571 5.360
5715.360
167.329
.0001

df
Sum of Squares
Mean Square
F-Value
P-Value

1
2450.250
2450.250
71.736
.0001

RER(VC02/V02)

Type

III S u m s

o f Squares

Source

df

Sum o f Squares

Mean Square

F-Value

P-Value

Trial
SubJect(Group)

1

.063
.036

.063

24.344

.0002

14

.003

1
1

.095
.004

.095
.004

103.180
4.417

.0001
.0542

14

.013

.001

Intensity
Intensity * Trial
Intensity * Subj...
Dependent: RER

T able of Epsilon F a c to rs for df A d ju stm e n t
D e p e n d e n t: RER

Intensity

G-G Epsilon

H-F Epsilon

1.000

1.077

NOTE: Probabilities are not corrected for values
of epsilon greater than 1.

M eans T ab le
E ffe c t: T rial
D e p e n d e n t: RER
Count

Mean

Std. Dev.

16
16

.991
.902

.084

.021

.053

.013

Count

Mean

Std. Dev.

Std. Error

60%V02

16

.892

.044

.011

80%VO2

16

1.001

.076

.019

w ater
treadmill

Std. Error

M eans T ab le
E ffe c t: I n te n s ity
D e p e n d e n t: RER

M eans T ab le
E ffe c t: In te n s ity
D e p e n d e n t: RER

Trial
Count

Mean

Std. Dev.

Std. Error

60% V02, w ater

8

.925

.034

.012

60% V02, treadmill
80% V02, water
80% V02, treadmill

8
8

.859

.023
.065
.034

.008

8

1.056
.945

.023
.012

G-G

H-F

.0001
.0542

.0001
.0542

Energy Expenditure (Kcal/m in)

Type

III S u m s

o f Squares

Source

df

Sum o f Squares

Mean Square

F-Value

P-Value

Trial
SubJect(Group)

1
14

.763
45.433

.763
3.245

.235

.6353

1
1

235.662
.003

235.662
.003

449.109
.006

.0001
.9389

14

7.346

.525

Intensity
Intensity * Trial
Intensity * Subj...
Dependent: Kcal/min

T able of Epsilon F a c to rs for df A d ju stm e n t
D e p e n d e n t: K cal/m in
G-G Epsilon

H-F Epsilon

1.000

1.077

Intensity

NOTE: Probabilities are not corrected for values

of epsilon greater than 1.

Means T ab le
E ffe c t: T rial
D e p e n d e n t: K cal/m in
Count

Mean

Std. Dev.

w ater

16

16.180

3.131

.783

treadmill

16

16.489

3.070

.768

Count

Mean

Std. Dev-

Std. Error

60%V02

16

13.621

80%V02

16

19.048

1.085
1.547

.271
.387

Std. Error

M eans T able
E ffe c t: In te n s ity
D e p e n d e n t: K cal/m in

M eans T ab le
E ffect: In te n s ity * Trial
D e p e n d e n t: K cal/m in
Count

Mean

Std. Dev.

Std. Error

60%V02, water
60%V02, treadmill

8
8

13.456
13.785

80%V02, water

8
8

18.904

1.178
1.036
1.632
1.554

.416
.366
.577

80%V02, treadmill

19.192

.549

G-G

H-F

.0001
.9389

.0001
.9389

g CHO/minute

T y p e III S u m s

of

Squares

S ou rce

df

Sum o f Squares

Mean Square

F-Value

P-Value

Trial
SubJect(Group)

1
14

4.969

4.969

15.312

.0016

4.543

1
1

33.232

.325
33.232

.013
2.134

.013
.152

218.043
.087

.0001
.7728

Intensity
Intensity * Trial
Intensity * SubJ...
Dependent: g CHO/min

14

T able of Epsilon F a c to rs for df A d ju stm e n t
D ep en d en t: g CHO/min
G-G Epsilon

H-F Epsilon

1.000

1.077

Intensity

NOTE; Probabilities are not corrected for values

of epsilon greater than 1.

M eans T a b le
E ffe c t: T rial
D ep en d en t: g CHO/min
Count

Mean

Std. Dev.

Std. Error

16
16

3.517

1.154

2.729

1.153

.289
.288

Mean

Std. Dev.

Std. Error

.528
.706

.132

w ater
treadmill

M eans T a b le
E ffe c t: I n te n s ity
D ep en d en t: g CHO/min
Count
60%V02

16

2.104

80%V02

16

4.142

.176

M eans T a b le
E ffe c t: In te n s ity * Trial
D ep endent: g CHO/min
Count

Mean

60% V02, w ater

8

60% V02, treadmill
80%VO2, water
80%VO2, treadmill

8
8
8

Std. Dev.

Std. Error

2.477

431

.152

1.730
4.556
3.727

.306
446

.108
.158
.244

.690

G-G

H-F

.0001
.7728

.0001
.7728

g Fat/m inute

Type

III S u m s

o f S q uares
df

Sum o f Squares

Mean Square

F-Value

P-Value

1

.888

20.725

.0005

14

.600
.791

.888
.043

70.227

.0001
.8572

Source

Trial
Subject(Group)
Intensity
Intensity * Trial
Intensity * SubJ...
Dependent: g Fat/min

1
1

3.781 E-4

.791
3.781 E-4

14

.158

.011

.034

T able of Epsilon F a c to rs for df A d ju stm e n t
D ep en d en t: g F a t/m in
G-G Epsilon

H-F Epsilon

1.000

1.077

Intensity

NOTE: Probabilities are not corrected for values
of epsilon greater than 1.

M eans T a b le
E ffe c t: T rial
D ep en d en t: g F a t/m in
Count

Mean

Std. Dev

Std. Error

16
16

.210
.543

.217
.237

.054

w ater
treadmill

.059

M eans T a b le
E ffe c t: I n te n s ity
D ep en d en t: g F a t/m in
Count

Mean

Std. Dev

Std. Error

60%VO2

16

.534

.057

80%V02

16

.219

.226
.242

.060

M eans T a b le
E ffe c t: In te n s ity * Trial
D ep en d en t: g F a t/m in
Count

Mean

Std. Dev.

Std. Error

6096V02, water

8

.364

.168

.060

60% V02, treadmill
80%VO2, w ater

8
8

.704

.124

80%V02, treadmill

8

.056
.382

.136
.214

.044
.048
.076

G-G

H-F

.0001
.8572

.0001
.8572

RPE Borg Scale

T y p e III S u m s

o f Squares

Source

Trial
Subject(Group)
Intensity
Intensity * Trial
Intensity * SubJ...

Sum o f Squares

Mean Square

F-Value

P-Value

1

13.781

13.781

2.818

.1154

14
1

68.469
108.781

4.891
108.781

140.444

.0001

.0001

.0001

1
14

1.125
10.844

1.125

1.452

.2481

.2481

.2481

.775

Dependent: RPE

T able of Epsilon F a c to rs for df A d ju stm e n t
D ep en d en t: RPE
G-G Epsilon

H-F Epsilon

1.000

1.077

Intensity

NOTE: Probabilities are not corrected for values

of epsilon greater than 1.

M eans T a b le
E ffe c t: T rial
D ep en d en t: RPE
Count

Mean

Std. Dev.

Std. Error

16
16

13.656
12.344

2.712
2.293

.678
.573

Count

Mean

Std. Dev.

Std. Error

60%V02

16

.504

16

11.156
14.844

2.014

80%V02

1-491

.373

w/ater
treadmill

M eans T able
E ffe c t: I n te n s ity
D e p e n d e n t: RPE

Means T ab le
E ffect: In te n s ity
D ep en d en t: RPE

60%VO2, water
60%VO2, treadmill
80%VO2, water
80%V02, treadmill

Trial

Count

Mean

Std. Dev.

Std. Error

8
8

11.625

2.134
1.907

.754
.674

8

15.688

1.335

472

8

14.000

1.165

.412

10.688

G-G

H-F

df

Heart Rate (bpm )
T ype

III S u m s o f S q u a r e s

Source

df

Sum o f Squares

Mean Square

F-Value

P-Value

Trial
Subject(Group)

1
14

1.320
1198.282

1.320
85.592

.015

.9029

1
1

6976.758
.578

6976.758

596.306
.049

.0001
.8273

14

163.799

Heart Rate
Heart Rate * Trial
Heart Rate * Su...
Dependent: Heart Rate

.578
11.700

T able of Epsilon F a c to rs for df A d ju stm e n t
D ep en d en t: H eart R ate
G-G Epsilon

H-F Epsilon

1.000

1.077

Heart Rate

NOTE; Probabilities are not corrected for values

of epsilon greater than 1.

M eans T ab le
E ffe c t: Trial
D ep en d en t: H eart R ate
Count

Mean

Std. Dev.

Std. Error

16
16

157.356
157.762

16.590
16.755

4.148
4.189

Count

Mean

Std. Dev.

Std. Error

16
16

142.794
172.325

7.383
6.035

1.846
1.509

w ater
treadm ill

M eans T ab le
E ffect: H eart R ate
D ep en d en t: H eart R ate

60% V02
80% V02

M eans T ab le
E ffect: H eart R ate * Trial
D ep en d en t: H eart R ate
Count

Mean

Std. Dev.

Std. Error

60% V02, water

8

142.725

7.887

2.789

60% V02, treadmill
80% V02, water

8
8

142.862

7.389

2.612

171.988

6.188

2.188

80% V02, treadmill

8

172.663

6.285

2.222

G-G

H-F

.0001
.8273

.0001
.8273
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APPLIED PHYSIOLOGICAL COMPARISONS OF DEEP WATER
RUNNING AND TREADMILL RUNNING
IN ATHLETES;
GUIDELINES FOR EXERCISE PRESCRIPTION
This study com pared submaximal intensity deep w ater running and
treadmill running exercise in eight trained male cross-country runners
during their fall competitive season. Each subject completed a dry land
and deep w ater running trial at heart rates equivalent to 60% and 80%
dry land treadm ill maximal oxygen consumption (VOjn^^). Oxygen
consum ption (VO ), ventilation (VEgtpd), energy expenditure (Kcal min'^),
respiratory exchange ratio (RER), and rates of perceived exertion
(RPE) w ere m easured during each 5 m inute steady state stage for both
trials. The m ain effect of trial dem onstrated that RER was significantly
higher during deep w ater running (p=0.0002). The trial by intensity
interaction for VEgtpd
significant (p=0.007) dem onstrating a
difference betw een trials at 80% VOg
At the same submaximal
intensity, VOj, RPE and energy expenditure did not differ between
trials. Conversely, the m ain effect of intensity showed that all variables
were significantly higher at 80%
2

Trial /Int.

HRt
(bpm)

W ater 60%
143+8
Treadm ill 60% 143+7
W ater 80%
172+6
Treadm ill 80% 173+6
t p<0.05 - m ain effect of
water vs. 80% trea d m ill

VOzt
(mll^'niin)

39.6+2.4
40.7+1.9
54.9+4.4
55.4+2.3
intensity ; *

RERt*
(Lmin )

54.5+6.7
.93+.03
49.4+5.8
.86+.02
92.3+12.1 1.06+.07
74.2+9.9¥ .95+.03
p<0.05 - m ain effect

RPEt

Energy Expt
(Kcalmin')

11.6 + 2.1 13.5+1.2
10.7+1.9 13.8+1.0
15.7+1.3 18.9+1.6
14.0+1.7 19.2+1.6
of trial; ¥p<Ô.Ô5 80%

Because VO^ and energy expenditure were the same during treadmill
and deep w ater running, the overall active muscle mass appears similar
betw een trials. H ow ever, the significantly higher VE^^j and RER
during deep w ater running indicate an altered pattern of muscular
recruitm ent for the upper and lower extremities, particularly at higher
levels of exercise intensity. Although deep w ater running and treadmill
running seem to elicit similar rates of energy expenditure, the concepts
of training specificity should be considered. These results dem onstrate
that deep w ater running may be an extremely useful cardiovascular
tool for injury prevention and rehabilitation. Further research should
determ ine patterns of m uscular recruitm ent and activity to better
evaluate the efficacy of cross-training betw een deep w ater and dry land
running.

A ppendix IV
A ttatchm ents: Institutional Review Board and Inform ed Consent Forms
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Applied
Physiological
Comparisons
of
Deep
Water
Running
and
Treadmill
Running
In
Athletes: Guidelines for Exercise Prescription

Approval is given to the project except for the use of EMG in the
water. If the project directors wish to include the EMG/water
aspect, more information on the safety of EMG in water must be
submitted. A revised consent form with the exclusion of the use of
EMG in water must be submitted to the IRB.

October 10,1995
To: IRB Committee
From: Jodi Michelle DeMaere A.T.,C.
CC: Brent C. Ruby, Ph.D.
Vernon Grund, Ph.D.
Scott Richter, M.Ed.

Please find enclosed alterations to the proposed thesis study, “Applied physiological
comparisons of deep water running and treadmill running in athletes: Guidelines for
exercise prescription. ” Due to pilot test results and further consideration, it is inconceivable
to randomize submaximal trial testing, as the deep water protocol is dependent on the
treadmill submaximal run results. It is first necessary to determine the steady state heart
rates on the treadmill and then carry over these heart rate determined intensities to the pool
trials. Furthermore, heart rate intensities will be lowered from 70% and 85% to 60% and
80% respectively. Lower heart rates will be more attainable in the water trials, and will not
affect the prime purpose of this study.

Informed Consent Statement
This study is investigating an increasingly more common method of exercise for injury rehabilitation and
alternative training» deep water running. Participation in this study includes and requires a pretest to determine
your maximal ability to consume oxygen. Data will be collected on weight, height, residual lung volume, and
percent body fat (hydrostatic weighing method). Next, you will complete a two stage treadmill running exercise
test followed by a two stage deep water running trial at moderate intensity levels ; the first stage will be at a heart
rate of 60% of your maximal treadmill oxygen consumption, and the second stage will be at a heart rate of 80%
your maximal oxygen consumption. Each stage will be 5 minutes in length. During minutes 2 to 5, we will
measure expiration gases which requires wearing a light plastic gas collection mask over the mouth and nose
clip. This does not interfere with breathing in any way. The two tests will be peiformed at least 24 hours but
no more than one week apart. Proper technique o f deep water running and treadmill running will be provided,
with ample time to becom e comfortable with these forms of exercise. You are asked not to exercise 12 hours
prior to all testing, and not consume food 2 1/2 to 3 hours before any exercise testing.
It is expected that minor discomforts and risks will be experienced as a result of participation in this study/ The
surface electrodes used to asses muscle involvement do not cause any discomfor^ The maximal treadmill test is
an all-out exercise test, and may produce muscular soreness and discomfort during and up to five days following
the test. Delayed onset muscle soreness is normal and common with intense exercise. The maximal exercise
test has some inherent risks associated with it, including loss of consciousness and stroke (0.05% of the time),
and even sudden death (0.005% of the time). Proper warm up and cool downs will aid in minimizing the risk.
Trained testers will be present at all times during these tests. All ACSM guidelines and protocols will be
followed for all testing.
The findings from this study will be useful for health care professionals in prescribing deep water running
exercises for injury purposes, or as an adjunct to exercise. The benefits from this study include an awareness and
proper technique of deep water running, and exercise information useful for your personal training.
All testing will be performed by Jodi M DeMaere A.T.,C. a graduate student in exercise science and a certified
athletic trainer, Scott T. Richter M.Ed., A.T.,C. and Brent C. Ruby, Ph.D. an exercise physiologist and the
Director o f the University o f Montana’s Dept, of Health and Human Performance Exercise Physiology Lab. All
data collection will be supervised by Dr. Brent C. Ruby.
Y our participation is solicited, but is completely voluntary. Even after agreeing to participate, you have the
right to withdraw at any time, free of penalty If you have any fear of water or are uncomfortable with exercise
in water, participation in this study will be disallowed. Your name will not be associated in any way with the
research findings. Do not hesitate to ask any questions you may have prior to or during the study. Any
questions or concerns can be forwarded to Jodi M DeMaere, B.S., A.T.,C., Principle Investigator, 109
McGill/HHP Dept. M issoula, Mt. (406) 549-8645 or Brent C. Ruby, Ph.D., Supervising Investigator (406)
243-2117.
“In the event that you are injured as a result of this research you should individually seek appropriate medical
treatment. If the injury is caused by the negligence o f the University or any of its employees, you may be
entitled to reimbursement or compensation pursuant to the Comprehensive State Insurance Plan established by
the Department o f Administration under the authority of M.C.A., Title 2, Chapter 9. In the event of a claim for
such injury, further information may be obtained from the University’s Claims Representative or University
Legal Counsel.”
I have read the above statements and understand and appreciate the risk involved with this study. I authorize Jodi
M. DeMaere, A T., C., Brent C. Ruby, Ph D ., Scott T. Richter, A.T.,C., M.S. and assigned assistants to
conduct testing. The tests will be conducted in a safe environment, with minimal discomfort.

Subject Signature:

________________________________ _____

D ate.

By signing the subject certifies that he or she is at least 18 years o f age

Investigator Signature:__________________________

Date

Intra- ca mpu s MEMORANDUM

UNIVERSITY OF MONTANA

DATE:

October 10,

TO:

Jodi Michelle DeMaere, ATC

FROM:

Carrie Gajdosik,

RE:

Change

1995

Co-Chair IRB

in methodology and consent form

The changes
in your consent
form and methodology have
approved. If you have questions, please call me at 5189.

been
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